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A method is provided for synchronizing a first radio unit with
a second radio unit associated with an all outdoor radios
system, the method including: receiving, at the first radio unit
and the second radio unit, respectively, a communication
signal from a common communication source; receiving, at
the first radio unit and the second radio unit, respectively, a
reference signal from a common reference source; synchro-
nizing the communication signal at each of the first radio unit
and the second radio unit with the reference signal such that
the each of the first radio unit and the second radio unit
generates an output signal having substantially the same fre-
quency and substantially the same phase; and transmitting the
output signal from each of the first radio unit and the second
radio unit to a remote receiver through an antenna.

(Continued) 10 Claims, 9 Drawing Sheets
mn 31513 31511 Radio 1
(Workin, 31
Controlier j ¢ el
) Ref + Jadd Phase
a15.10 Lol Detector 3g
1 31514
o TxLO1 TxLQ7 | Fitters
Protection [~ — ) < 3159 | §
—] | g
Interface [ | 3161 T 31523153 3154 455 57 > 2
er3 | 2
Digital Data 33
Interface Madem % %
Mixer 1 Filter 1 Phase Amp 1 Mixer 2 Filter 2 Amp 2
3 Na Shifter
ACU
Radio 2
2 {Protection)
Controller P 32 v
Phase p! #
Detector y
326
322
Protection g
Interface S
I 3 a
_ | Joigital pata]
h Interface |- L
| Mixer 1 Filter 1 ppace Amp 1 Mixer 2 Filter 2 AMP 2
! E2S) 34 Shifter

v

To User's equipment



US 9,215,110 B2

Page 2
(51) Int.ClL 2008/0181174 Al*  7/2008 Cho ....cccooevvvvvviiiiinnn. 370/329
o4l 7102 (2006.00) 20090209309 AL* 2009 Okuds o 455
Uda
gzjf ;/7330 888283 2012/0188125 Al* 7/2012 Pomietlasz .............. 342/357.68
HO4L 7/00 (2006.01) OTHER PUBLICATIONS
HO4B 1/04 (2006.01) ) ) o
(52) US.CL Zhou, Adaptive Correction Method for an OCXO and Investigation
CPC . HO4L 202 7/0067 (201301), HO4L 2027/0087 ofAnalytical Cumulative Time Error Upper Bound, IEEE Transac-
(2013.01) tions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 58,
No. 1, Jan. 2011, 8 pgs.
(56) References Cited ZTE (USA) Inc., Communication Pursuant to Rules 70(2) and 70a(2)
EPC, EP 12831502.5, May 12, 2015, 1 pg.
U.S. PATENT DOCUMENTS ZTE(USA)Inc., Extended European Search Report, EP 12831502.5,
Apr. 24, 2015, 9 pgs.
8,674,808 B2* 3/2014 Jantunenetal. ... 340/10.3
2007/0071078 Al* 3/2007 Yoshidaetal. ... 375/219 * cited by examiner



US 9,215,110 B2

(L1¥Y @31V734) | 'Ol

uswdinba s osn o)

Sheet 1 of 9

Dec. 15, 2015

U.S. Patent

* A
6-SZL mﬁN |
mQN zdwy TPYHTRXIN Tdwy T4 T ISXIN |
P <€ T ] 9%elaly| |
N_W e ) W e ) HOPOW I 1 | eregrensia [T
= |
1 85S¢l , ¢z, S-GCl gz, m Ly soepsu)
® 952k e-Gzl Vol 4 <
& 0131993044
- (pa3nw) 201 XL TOT XL W
I~ Jsniwisuedj 731
vl P ~ 19{|0J1U0) i« —
(uonoajoud) Z-SZL L-gci W
Z olpey 12k
nov
mm
m:N zdwy TJIONH XA Tdwy  TIOH T JXIN
< Q0BlIalu
w % < % <€ WBpoIA 3ol < —y—
f o « | | meareBa
S 8-5L1 W S-GLL W W M _
o -G 9-GL1 PGl eCLL 9J3ejla]u|
= 141" |
@ ] — 4 uonJIvloid
ZO1XL TOTXL <
Supio sh = ~ g chi 19[|0JIU0D)  je—
(Bubtiom) Z-SL1 L-GLL
W T olpey o

Ll



US 9,215,110 B2

Sheet 2 of 9

Dec. 15, 2015

U.S. Patent

ve

/

(1YY d31LVv713Y) C ‘©l4

uawdinbs s osn o]

[44

44

mNNN q A
zdwy THRYY zuaxiy T dwy TIOM4 T aexin |
A ) wapo (€T 228kl |
WL? A ) PN g1 | eregresa [
£ 8622 . 2 g2z 2 > ]
= 1-92T o-Gze y-G¢c £-GZ2 oz > ddepRl |
& uonRaoIg |
B <1 (panw) zo7xy 101XL
¢Zz |emwsuesy ez
Vt 7 19]|0J1U0T) |« ¢
(uoida1044) zsze 152z W 1043403
zolpey X4
m_.NN
mm zdwy 7L ZIXIN Tdwy Ty T IoXIN
< 228 131u
w T! < «— wapo 11—
G ] A% X PO | eleq jensig i
S 861z 2 G-G1Z s > “
«VM -Gle 9-GLZ 1174 €612 e | ERl=IBENIT]
3 _ | uondsjold
S z01xL 1011 <
|7 |ToTIWSURIL ZC2 ——
7
(Sunpiom) N-mﬂm e W
T olpey Lz




US 9,215,110 B2

Sheet 3 of 9

Dec. 15, 2015

U.S. Patent

nav

Le

<..m mu_n_ wawdinba s 4asn o]
A
18Y1YS Em mme _
zdwy T4RUH TN Tdwy Z°FUd 1y Taexin _
« T — 926U |
< | | ereqensig [T
o |
Ms € JaXIN Lyl 3depolu| J
x | uonoalold |
D -
= | esee W
€ 49114 zee
oze
1013913@ <
aseyd
V 13]j013u0)
(uonp=1044) LL-G2¢g AR T4 LZe
¢ olpey
JoUIYS im mm
z dwy z 49114 Z4XIN T dwy wmm;\a T 49314 T JaXIN
Wano < CRLACIT
| X \ A PO e | | ereaiensia [T
.m € 19X W W\;' W 7y "
& e e et | I e | gg1e e bgie | oepB |
& | scle ) A > — = Uoipalold
€ 49114 Z01 X1 TO1 XL
< & N pL-GLE cLe
glLe 10199150 0L-GL¢ h R
aseyd m“N < PPY Em&@@ on
———¢ Jaljosuo)
(Bupom) S < <
T olpey L1-Gle 45133 €l-sle LLe

A




US 9,215,110 B2

Sheet 4 of 9

Dec. 15, 2015

U.S. Patent

[4%

2>

2

Le

mm mu_n_ uawdinba s, 1950 01
A
SEMIPIN ﬁm mwmﬂ “
z dwy CHRHHZIXIN T dwy  F°Ud T sy T sexiN _
<« T — 3doepsy| !
| \\ A WEPOW | | eveq jenmig [~
g 1 < BT |
W £ I dze | e-dze TGCE Ly 2oepau) <
% | uo1103104d
- 6-52¢ Y
TO1 XL M
M € 19314 zee
T4 L=
1019313 <
aseyd
13]j0J1u0)
(uoipaloid) 11-62¢ 4R T4 KW
colpey
JIHIUS vm £ W
7 duwiy g 49114 Z49XIN T dwy 93BUd T 433)13 T JOXIN
ERLIIEMT
% mu.mo _NH_MnD < A
g |¢ 131 W W\:
.m e g1 s Y9It G-GlL¢ gL 90eI9jU| -
m 6-Gle Y \f uo123104d
€494 [{S RSN
W w% pL-GLE
9L 0109190 O-sle T .
aseyd MN < PPV EW\E.:U T
041U
(Buppiop) S 5
T oipey Li-S1lE AR5 €1-§Sle

Lie

A

h




US 9,215,110 B2

wRwdinbd s 4ssn oL

Sheet 5 of 9

Dec. 15, 2015

U.S. Patent

\\T nov

Yv ©Old )
IS vm mﬁ\N ﬂ i
7 dwy CHRHNE TIRXIW pdwy  2°FUd 1asyy 1aexn _
P % . W20 e — — 92BLID1U| I
o \ G POW ' ereq jewsia €~
= |
3 e sox -2y W W 5 M soepmy)
= ; Gep I rgzy | e-gey <9er <
= O1x1 W uo0[129304d
6-G2¥
o, Eioud @ N ey
0l-S2v 549
L-| 1 uope1ag mw ) 8cy
M aseyd < <
v 7 1019919Q 13||043u0)
LTy aseyd W
(uoipoa304d) L2y
Z olpey
W J21IYS vm mm
zdwy z1syd THXIN dwy OSBUd TRUH 1 e
< 20elI9lU]|
o & \ “17 WEPON e | | ereq ensig ~
S 7 ]
¢ _ W W A _
m ¢ 19XI v .y oSib GGy oy | o<y 4134 LGy _ ERl-ISEMT]]
XL — = uonoaloly
6SLp 3 W@AJ\I
£ | >
9Ly 701X vy
0L-GLy 1451374 I 5d9
\ T 4019212Q AN P @N 51574
aseyd PpY Ly 7 Jo19918Q J3]|0JIU0)
4 159 aseyd
il c W
(Sunjiom 4’14 % e1-GLy
T oipey by




US 9,215,110 B2

Sheet 6 of 9

Dec. 15, 2015

U.S. Patent

1uswdinbs s4sn oL

[4iad

fa4

+

L-vv

Ly

dy ©Old
Jaus v«vN mmm
zdwy CAOHH TIRXIN 7 dwy  2%FUd Taeyy T a0
~ wanon [€ ] 3R
o pon _ ereq ensig [C [~
o
=3 1-5Zv A
m € EVW? 7-ozy ) CRLIIC I
S O1xL uondaloid |
6-GCv W
m € 49114 ey
T4 — SdD
1 40129190 _ TAZ
aseud <
7 1012813Q 18(j043u0)
VLS 9seyd
{uonoaroid) rmm
¢ olpey
PYIYS sm m:NN
zdwy z 214 THXIN T dwy 58U TN ¢ oxy
< 32epI91U]
< / wapo «
g & \ <P POW < | [meamdg
= A
& [£494 b N-mww-m:q m-mmN-m:q LGl “ 3e)191U]
<1y 1XL — - UOI139]0.4
€ 4914
9Ly (444
\W Sd9
1 40193130 M_N - 8Ly
os5eyd oy Ly 7 10193137 13]|1041U0D
; aseyd
Amc_v:o\swr sl i W
gL-GLy Ly
T olpey

A




U.S. Patent Dec. 15, 2015 Sheet 7 of 9 US 9,215,110 B2

501
respectively, a communication signal from a common

communication source

:

Receive, at the first radio unit and the second radio unit,
respectively, a reference signal from a common reference source

i

Synchronize the communication signal at each of the first radio unit 503
and the second radio unit with the reference signal such that the
each of the first radio unit and the second radio unit generates an
output signal having substantially the same frequency and
substantially the same phase

: °

[Transmit the output signal from each of the first radio unit and the

[ Receive, at the first radio unit and the second radio unit,

W

D

second radio unit to a remote receiver through an antenna

&(//\

FIG. 5
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Receive the communication signal at one of a protection interface
and a digital data interface in the radio unit and transmitting the
communication signal to a modem in the radio unit

601

LV/

Use the modem to modulate the communication signal and 602
transmitting the modulated communication signal to a first mixer in
the radio unit
603

Use the first mixer to mix the communication signal with an output
of an intermediate frequency synthesizer in the radio unit, wherein
the intermediate frequency synthesizer is controlled by the
reference signal, and transmitting the mixed communication signal
to a first filter

¢ 604

Use the first filter to filter the communication signal and transmitting
the filtered communication signal to a phase shifter in the radio unit

<

&2

ccordance with an output of an adder and transmitting the phase-

(Use the phase shifter io phase-shift the communication signalin
a
shifted communication signal to a first amplifier in the radio unit

(o))
(o]
[8)]

Use the first amplifier to amplify the communication signal and
transmitting the amplified communication signal to a second mixer
in the radio unit

v

[ Use the second mixer to mix the communication signal with an

D
(=]
(@]

607

output of a radio frequency synthesizer in the radio unit, wherein
the radio frequency synthesizer is controlled by the reference
signal, and transmitting the mixed communication signal to a
second filter

—

6B

FIG. 6A
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Use the second filter to filter the communication signal and 611
transmitting the filtered communication signal to a second amplifier
in the radio unit

l 612

Use the second amplifier to amplify the communication signal and
transmitting the amplified communication signal to a third mixer in
the radio unit

l 613

Use the third mixer to mix the communication signal with the output
of the radio frequency synthesizer and transmitting the mixed
communication signal to a third filter

= )

P

N

(e

Use the third filter fo filter the communication signal and 614
transmitting the filtered communication signal to a phase detector in
the radio unit
615

Use the phase detector to detect a phase difference between the
communication signal and the reference signal and transmitting the
phase difference to the adder, wherein the adder transmits the
phase difference to the phase shifter to cause the phase difference
to the communication signal

l

Use a duplexer in the radio unit to transmit the communication )} 616

signal to the antenna

o

FIG. 6B
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HITLESS EFFICIENT TRANSMITTER
PROTECTION OF ALL OUTDOOR RADIOS

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application is a United States National Stage Appli-
cation filed under 35 U.S.C. §371 of PCT Patent Application
Serial No. PCT/US2012/054472 filed on Sep. 10, 2012,
which claims the benefit of and priority to U.S. Provisional
Patent Application No. 61/533,710 filed on Sep. 12, 2011,
which are hereby incorporated by reference in their entireties.

FIELD OF INVENTION

The present invention relates generally to the field of tele-
communication networks and, in particular, to the field of
hitless efficient transmitter protection of all outdoor radios.

BACKGROUND

In the typical radio backhaul networks as shown in FIGS. 1
and 2, two all outdoor radio units, a working unit (11 in FIG.
1 or 21 in FIG. 2) and a protection unit (12 in FIG. 1 or 22 in
FIG. 2), are deployed in a (1+1) redundant configuration to
protect against hardware failure, including transmitter mod-
ule failure. Note that the working unit (11 or 21) and the
protection unit (12 or 22) can be connected to the same
antenna as shown in FIG. 1 or can use two separate antennas
as shown in FIG. 2. The latter case has the added benefit of
protecting against selective path fading in the receiving direc-
tion. For illustrative purposes, the two figures depict only
components relevant to the transmitter module protection. In
both cases, the customer data traffic is received by the digital
data interface (113 or 213) in the working radio unit (11 or 21)
and then transmitted to modems in both the working radio
unit (11 or 21) and the protection radio unit (12 or 22). In other
words, the working unit (11 or 21) is the unit that receives the
customer data traffic directly from the user’s equipment, and
whose transmitter is online when there is no failure. The
protection unit (12 or 22) does not receive the customer data
traffic directly from the user’s equipment. Instead, the pro-
tection unit (12 or 22) receives the customer data traffic from
the working unit (11 or 21) via the protection interface (112 or
212) in the working unit (11 or 21), a cable interconnect
between the two units, and the protection interface (122 or
222) in the protection unit (12 or 22). In case of a failure
detected at the transmitter (115 or 215) in the working unit (11
or 21), which will be muted accordingly, the transmitter (125
or 225) in the protection unit (12 or 22) will be un-muted.
When this happens, the protection unit (12 or 22) still receives
the customer data traffic from the working unit (11 or 21) via
the cable interconnect as described above.

Using the (1+1) redundant configuration in FIG. 1 as an
example, although the output signal that carries the same data
traffic is connected to both transmitters 115 and 125, only one
of the two transmitters, either the transmitter 115 in the work-
ing radio unit 11 or the transmitter 125 in the protection unit
12, is online when there is no failure. The transmitter 125 in
the protection radio unit 12 is muted (as indicated by the “X”
symbol 125-9). When the radio control logic detects failure of
the online transmitter 115 in the working radio unit 11, it
mutes the failed transmitter 115 and un-mutes the transmitter
125 in the protection radio unit 12, so as to restore the cus-
tomer data traffic flow. As such, each of the two participating
units can be designated as a working unit or a protection unit.
The dashed lines in FIGS. 1 and 2 represent the connections
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that are not carrying the customer data traffic at the moment,
but may carry the customer data traffic if the definitions of the
working and protection units are reversed.

Note that there are small but random frequency and phase
offsets between a pair of working and protection radio units,
which may cause incoherency between the two respective
carrier signals. Therefore, it is necessary to mute one of the
radio units in the pair. If both transmitters were online with
the random frequency and phase offsets, the two carrier sig-
nals each would be a high level noise to the other and the
receivers on the remote side of the radio link will not be able
to recover the transmitted data correctly.

On the other hand, the switch from the working radio unit
to the protection radio unit results in a traffic interruption.
Currently, the industry-standard traffic interruption is less
than 50 ms. But it is difficult to meet this requirement for all
possible transmitter failures. It is even more difficult to meet
this requirement in the all outdoor radio because of the addi-
tional time needed to communicate between the controllers in
the pair of radio units. Moreover, because the protection radio
unit is muted, half of the transmitting power according to the
current transmitter protection scheme is not used at any given
time.

SUMMARY

Accordingly, the present invention is directed to a system
and method for implementing an efficient transmitter protec-
tion scheme in the all outdoor radios that substantially obvi-
ates one or more problems due to the limitations and disad-
vantages of the related art.

In an embodiment, a method is provided for synchronizing
a first radio unit with a second radio unit associated with an all
outdoor radios system, the method comprising: receiving, at
the first radio unit and the second radio unit, a communication
signal from a common communication source; receiving, at
the first radio unit and the second radio unit, a reference signal
from a common reference source; synchronizing the commu-
nication signal at each of the first radio unit and the second
radio unit with the reference signal such that the each of the
first radio unit and the second radio unit generates an output
signal having substantially the same frequency and substan-
tially the same phase; and transmitting the output signal from
each of the first radio unit and the second radio unit to a
remote receiver through an antenna.

In another embodiment, an all outdoor radios system com-
prises: an antenna coupling unit; a first radio unit and a second
radio unit, wherein both the first radio unit and the second
radio unit are communicatively coupled to the antenna cou-
pling unit and each of the first radio unit and the second radio
unit is configured to receive an input signal from a common
communication source and provide an output signal to the
antenna coupling unit; and a common reference source con-
figured to generate a reference signal having a reference
frequency and a reference phase, wherein each of the first
radio unit and the second radio unit further comprises: a
frequency synchronizer configured to synchronize the fre-
quency of the input signal of the radio unit with the reference
frequency of the reference signal; and a phase synchronizer
configured to synchronize the phase of the input signal of the
radio unit with the reference phase of the reference signal,
such that the output signal of the first radio unit and the output
signal of the second radio unit have substantially the same
frequency and substantially the same phase when they reach
the antenna coupling unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
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porated in and constitute a part of the specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is an exemplary illustration of a prior art all outdoor
radios system including a working unit and a protection unit
that are both coupled to one antenna through an antenna
coupling unit;

FIG. 2 is an exemplary illustration of a prior art all outdoor
radios system including a working unit and a protection unit,
each coupled to a separate antenna;

FIGS. 3A and 3B are exemplary illustrations of an all
outdoor radios system including a common reference source
for synchronizing the carrier signals between two radio units
in accordance with some embodiments of the present inven-
tion;

FIGS. 4A and 4B are exemplary illustrations of an all
outdoor radios system using a GPS signal to synchronize the
carrier signals between two radio units in accordance with
some embodiments of the present invention;

FIG. 5 illustrates an exemplary method performed by an all
outdoor radios system for synchronizing two carrier signals
going through two radio units in parallel in accordance with
some embodiments of the present invention; and

FIGS. 6A and 6B illustrate the more detailed operations of
various components within the all outdoor radios system in
accordance with some embodiments of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying draw-
ings. In the following detailed description, numerous non-
limiting specific details are set forth in order to assist in
understanding the subject matter presented herein. It will be
apparent, however, to one of ordinary skill in the art that
various alternatives may be used without departing from the
scope of the present invention and the subject matter may be
practiced without these specific details. For example, it will
be apparent to one of ordinary skill in the art that the subject
matter presented herein can be implemented on any type ofall
outdoor radios system that include two substantially identical
radio units.

In the present application, two approaches are proposed for
obviating the problems described above by synchronizing the
carrier signals in the working radio unit and the protection
radio unit such that both signals are combined and transmitted
to the receiver on the remote side and no signal is muted.
According to the present application, the coherent power
combination scheme keeps the transmitters in both units of an
all outdoor radios system online when there is no transmitter
failure. The coherent power combination scheme not only
increases the effective output power of the system, consisting
of two radio units, by 6 dB, but also eliminates the customer
data traffic interruption due to the failure of one transmitter
within any one of the two radio units of the all outdoor radios
system. In other words, a failure of any one of the two radio
units only result in the reduction of output power by 6 dB
without any traffic interruption time. A basic requirement for
coherent power combination is that the transmitter output
signals of the working and protection units within the all
outdoor radios system must be synchronized by frequency
and phase with a reference signal generated by a common
signal source shared by the two radio units.

FIG. 3A is an exemplary illustration of an all outdoor
radios system including a common reference source for syn-
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4

chronizing the carrier signals between two radio units in
accordance with some embodiments of the present invention.

The outdoor radios system includes an antenna coupling
unit 33 that is coupled to an antenna 34 for transmitting
signals to receivers at the remote side, a first radio unit 31 (i.e.,
the working radio unit), and a second radio unit 32 (i.e., the
protection unit). Both the first radio unit 31 and the second
radio unit 32 are communicatively coupled to the antenna
coupling unit 33 and each of the first radio unit 31 and the
second radio unit 32 is configured to receive an input signal
from a common communication source (e.g., the user’s
equipment) and provide an output signal to the antenna cou-
pling unit 33. In some embodiments, the first radio unit 31
includes a common reference source (e.g., the reference oscil-
lator 315-13), which is configured to generate a reference
signal having a reference frequency and a reference phase for
synchronizing the carrier signals of the first and second radio
units.

In some embodiments, each of the first radio unit 31 and the
second radio unit 32 further comprises: (i) a frequency syn-
chronizer configured to synchronize the frequency of the
input signal of the radio unit with the reference frequency of
the reference signal; and (ii) a phase synchronizer configured
to synchronize the phase of the input signal of the radio unit
with the reference phase of the reference signal, such that the
output signal of the first radio unit 31 and the output signal of
the second radio unit 32 have substantially the same fre-
quency and substantially the same phase when they reach the
antenna coupling unit 33.

As shown in FIG. 3A, the first radio unit 31 includes a
protection interface 312 and a digital interface 313 for receiv-
ing the input signal from the user’s equipment (note that there
is no dashed line connecting to either the protection interface
312 or the digital interface 313). The input signal is then
transmitted to a modem 314 for modulation. Next, the output
signal of the modem 314 is transmitted to a first mixer 315-2
for being mixed with the output of an intermediate frequency
synthesizer 315-1. As shown in FIG. 3A, the intermediate
frequency synthesizer 315-1 is controlled by the reference
signal from a common reference source 315-13 in the first
radio unit 31. The output signal of the first mixer 315-2 is then
fed into a first filter 315-3 and a phase shifter 315-4 connected
in series. The phase shifter 315-4 applies a phase shift to the
output signal of the first filter 315-3 in accordance with a
phase-shift signal from an adder 315-12.

Next, the output signal of the phase shifter 315-4 is ampli-
fied at a first amplifier 315-5 and fed into a second mixer
315-6 for being mixed with the output signal of a radio fre-
quency synthesizer 315-14. Note that the radio frequency
synthesizer 315-14 is also controlled by the reference signal
from the reference source 315-13. Finally, the output signal of
the second mixer 315-6 is filtered by a second filter 315-7,
amplified by a second amplifier 315-8, and fed to the ACU 33
through a duplexer 316 in the first radio unit 31.

In addition, the output signal of the second amplifier 315-8
is fed into a third mixer 315-9 for being mixed with the output
signal of the radio frequency synthesizer 315-14, filtered by a
third filter 315-10, and fed into a phase detector 315-11 for
detecting a phase difference with the reference signal from
the reference source 315-13. The phase detector 315-11 trans-
mits the phase difference to the adder 315-12. As noted above,
the adder 315-12 is configured to cause a corresponding
phase shift to the input signal at the phase shifter 315-4 under
the control of a controller 311 in the first radio unit 31.

As shown in FIG. 3A, the frequency synchronization is
achieved by having the modems, the intermediate frequency
(IF) synthesizers Tx L.O1, and the radio frequency (RF) syn-
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thesizers Tx LO2 in both radio units share the common ref-
erence source in the working radio unit 31, which is a free
running reference oscillator “Ref” 315-13. The reference
oscillator 315-13 provides the reference frequency to the IF
synthesizer Tx LO1 315-1, the RF synthesizer Tx LO2 315-
14, and the reference clock to the modem 314 in the working
radio unit 31.

In addition, the output of the reference oscillator 315-13 is
also connected to the protection radio unit 32 using a cable
such that the reference oscillator 315-13 acts as a reference
for the IF synthesizer Tx LO1 325-1, the RF synthesizer Tx
LO2 325-14, and the modem 324 in the protection radio unit
32. The output signals of the frequency synchronized modem
(314, 324) in both units (31, 32) are up-converted to the
intermediate frequency by the mixer 1 (315-2, 325-2) and the
filter 1 (315-3, 325-3). Because the IF synthesizers Tx LO1
(315-1, 325-1) in both units are frequency synchronized, the
intermediate frequency (IF) signals at the output of the filter
1 (315-3, 325-3) are also frequency synchronized. The IF
signals are amplified by the amplifier Amp 1 (315-5, 325-5)
and up-converted to the radio frequency (RF) by the mixer 2
(315-6, 325-6) and the filter 2 (315-7, 325-7). As such, the
radio frequency (RF) signals at the output of the filter 2
(315-7, 325-7) in both units are also frequency synchronized
because the RF oscillators Tx LO2 (315-14, 325-14) are
frequency synchronized. After the final amplification by the
amplifier Amp 2 (315-8, 325-8), the RF signals are connected
to the antenna coupling unit 33 via the two duplexers (316,
326).

In some embodiments, the two units (31, 32) achieve the
phase synchronization by each unit having a phase control
loop consisting of a downconverter including a mixer 3 (315-
9, 325-9) and a filter 3 (315-10, 325-10), a phase detector
(315-11, 325-11), an adder “Add” (315-12, 325-12), and a
variable phase shifter (315-4, 325-4). In particular, the RF
signals from the output of amplifier Amp 2 (315-8, 325-8) are
down-converted to the intermediate frequency (IF), filtered
and then fed into the phase detector (315-11, 325-11). The
phase detector (315-11, 325-11) uses the reference frequency
signal as a reference to detect a phase difference. From the
phase detector (315-11, 325-11), the RF signals go to the
adder block “Add” (315-12, 325-12) and are then used to
control the variable phase shifter (315-4, 325-4). As such, the
phase control loop keeps the phase of the RF signals constant
relative to the phase of the reference signal. Because the phase
control loops in both units use the same reference signal as a
reference, the phase shift between the RF signals in the work-
ing and protection units (31, 32) is kept constant.

In some embodiments, the controllers (311, 321) add a
fixed valueto the output signal of the phase detectors (315-11,
325-11) via the adders (315-12, 325-12) so as to make the
constant phase shift equal to 0 (zero). This fixed value is
determined through calibration after the installation of the all
outdoor radios system. One goal of the calibration is to get a
maximum output power at the output of the ACU 33 while the
transmitters in both radio units (31, 32) are online.

Note that FIG. 3A shows an embodiment in which the
working and protection units (31, 32) are connected to the
same antenna 34 through the ACU 33. But the proposed idea
as described above also applies when the working and pro-
tection unit (31, 32) are connected to separate antennas. FI1G.
3B is an exemplary illustration of another all outdoor radios
system that is almost identical to the one shown in FIG. 3A
except that the ACU 33 and the antenna 34 are replaced with
two separate antennas 34-1 and 34-2, each coupled to one of
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the two radio units. Other than this structural difference, the
all outdoor radios system shown in FIG. 3B is identical to the
one shown in FIG. 3A.

FIG. 4A is an exemplary illustration of an all outdoor
radios system using a GPS signal to synchronize the carrier
signals between two radio units in accordance with some
embodiments of the present invention. Note that the configu-
ration of the all outdoor radios system shown in FIG. 4A is
similar to that of FIG. 3 A except that each radio unit shown in
FIG. 4A is equipped with a Global Positioning System (GPS)
receiver (418, 428), respectively, which uses a received GPS
signal to synchronize the reference frequency oscillators in
each unit without running the cable between units.

As shown in FIG. 4A, the GPS receiver (418, 428) receives
a reference signal of precise frequency and phase from a
satellite of the Global Positioning System. The signal is then
used as a reference for the phase control loop consisting of the
voltage controlled reference generator “Ref” (415-13, 425-
13) and the phase detector 2 (417, 427). The phase control
loop keeps the frequency and phase shift of the output signal
of'the reference oscillators (415-13, 425-13) constant relative
to the GPS reference signal. Because the reference oscillators
(415-13, 425-13) in both radio units (41, 42) use the same
GPS reference signal as a reference, their frequency is the
same and their phase shift is a constant value. Other than this
structural difference, the all outdoor radios system shown in
FIG. 4A is identical to the one shown in FIG. 3A.

FIG. 4B is an exemplary illustration of another all outdoor
radios system that is almost identical to the one shown in FI1G.
4A except that the ACU 43 and the antenna 44 are replaced
with two separate antennas 44-1 and 44-2, each coupled to
one of the two radio units.

FIG. 5 illustrates an exemplary method performed by an all
outdoor radios system for synchronizing two carrier signals
going through two radio units in parallel in accordance with
some embodiments of the present invention. The system
receives (501), at the first radio unit and the second radio unit,
respectively, a communication signal (e.g., customer data
traffic) from a common communication source (e.g., the
user’s equipment). The system also receives (502), at the first
radio unit and the second radio unit, respectively, a reference
signal from a common reference source (e.g., a reference
oscillator). The system synchronizes (503) the communica-
tion signal at each of the first radio unit and the second radio
unit with the reference signal such that the each of the first
radio unit and the second radio unit generates an output signal
having substantially the same frequency and substantially the
same phase. The system transmits (504) the output signal
from each of the first radio unit and the second radio unitto a
remote receiver through an antenna.

FIGS. 6A and 6B illustrate the more detailed operations of
various components within the all outdoor radios system in
accordance with some embodiments of the present invention.
These operations apply to each of the first radio unit and the
second radio unit within the all outdoor radios system. For
simplicity, the first radio unit (e.g., the working radio unit 31)
described above in connection with FIG. 3A is discussed
below.

First, the first radio unit 31 receives (601) the communica-
tion signal at one of the protection interface 312 and the
digital data interface 313 in the first radio unit and transmits
the communication signal (e.g., the customer data traffic) to
the modem 314 in the first radio unit. The modem 314 modu-
lates (602) the communication signal and transmits the modu-
lated communication signal to the first mixer 315-2 in the first
radio unit.
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The first mixer 315-2 mixes (603) the communication sig-
nal with the output of an intermediate frequency synthesizer
315-1 in the first radio unit and transmits the mixed commu-
nication signal to the first filter 315-3. In some embodiments,
the intermediate frequency synthesizer 315-1 is controlled by
the reference signal from the common reference source. The
first filter 315-3 filters (604) the communication signal and
transmits the filtered communication signal to the phase
shifter 315-4 in the first radio unit. The phase shifter 315-4
applies (605) a phase-shift to the filtered communication
signal in accordance with the output of the adder 315-12 and
transmits the phase-shifted communication signal to the first
amplifier 315-5 in the first radio unit.

The first amplifier 315-5 amplifies (606) the communica-
tion signal and transmits the amplified communication signal
to the second mixer 315-6 in the first radio unit. The second
mixer 315-6 mixes (607) the communication signal with the
output of the radio frequency synthesizer 315-14 in the first
radio unit and transmits the mixed communication signal to
the second filter 315-7. The radio frequency synthesizer 315-
14 is also controlled by the same reference signal.

The second filter 315-7 filters (611) the communication
signal and transmits the filtered communication signal to the
second amplifier 315-8 in the first radio unit. The second
amplifier 315-8 amplifies (612) the communication signal
and transmits the amplified communication signal to the third
mixer 315-9 in the first radio unit. The third mixer 315-9
mixes (613) the communication signal with the output signal
of the radio frequency synthesizer 315-14 and transmits the
mixed communication signal to the third filter 315-10. The
third filter 315-10 then filters (614) the communication signal
and transmits the filtered communication signal to the phase
detector 315-11 in the first radio unit. The phase detector
315-11 detects (615) a phase difference between the commu-
nication signal and the reference signal and transmits the
phase difference to the adder 315-12. The adder 315-12 trans-
mits the phase difference to the phase shifter 315-4 to cause
the phase difference to the communication signal. Finally, the
duplexer 316 in the first radio unit transmits (616) the com-
munication signal to the antenna 34 via the ACU 33.

In some embodiments, the reference signal is generated by
a reference oscillator located within one of the first radio unit
and the second radio unit. In some other embodiments, the
reference signal is synchronized with a GPS signal and the
GPS signal is generated by a GPS satellite located remotely
from the first radio unit and the second radio unit and received
by a GPS receiver located within each of the first radio unit
and the second radio unit.

In some embodiments, the power of the output signal from
both the first radio unit and the second unit and transmitted
through the antenna increases by 6 dB compared with the
power of an output signal from only one of the first radio unit
and the second radio unit. In some embodiments, the all
outdoor radios system is free of traffic interruption in case of
a transmission failure at one of the first radio unit and the
second radio unit.

In sum, the coherent power combination scheme can
replace the traditional transmitter protection approach of
muting/un-muting the protection radio unit in an all outdoor
radio system. The common reference source shared by the
two units of an all outdoor radio system according to the
present application is used for synchronizing the frequency
and phase between the carrier signals in the two units. In some
embodiments, the common reference source is a standalone
reference source. In some other embodiments, the common
reference source is controlled by a GPS signal captured by a
GPS receiver. As such, the coherent power combination
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scheme can increase the output power of the all outdoor
radios system by 6 dB using the same transmitters and with-
out increasing the power consumption. In addition, the
scheme eliminates the traffic interruption in case of one trans-
mitter failure. If the GPS signal is used for synchronization,
no extra outdoor rated cable is needed to run between the two
radio units, resulting in not only the simplification of the radio
installation and the reduction of radio installation and main-
tenance cost, but also more flexibility of radio installation.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

We claim:

1. A method of synchronizing a first radio unit with a
second radio unit associated with an all outdoor radios sys-
tem, the method comprising:

receiving, at the first radio unit and the second radio unit,

respectively, a communication signal from a common
communication source;

receiving, at the first radio unit and the second radio unit,

respectively, a reference signal from a common refer-
ence source;
synchronizing the communication signal at each of the first
radio unit and the second radio unit with the reference
signal such that the first radio unit and the second radio
unit generate two output signals having substantially the
same frequency and substantially the same phase; and

transmitting the two output signals from the first radio unit
and the second radio unit to a remote receiver through an
antenna,

wherein synchronizing the communication signal at each

of the first radio unit and the second radio unit with the
reference signal further comprising:

at each of the first radio unit and the second radio unit:

receiving the communication signal at one of a protec-
tion interface and a digital data interface in the radio
unit and transmitting the communication signal to a
modem in the radio unit;

using the modem to modulate the communication signal
and transmitting the modulated communication sig-
nal to a first mixer in the radio unit;

using the first mixer to mix the communication signal
with an output of an intermediate frequency synthe-
sizer in the radio unit, wherein the intermediate fre-
quency synthesizer is controlled by the reference sig-
nal, and transmitting the mixed communication signal
to a first filter;

using the first filter to filter the communication signal
and transmitting the filtered communication signal to
a phase shifter in the radio unit;

using the phase shifter to phase-shift the communication
signal in accordance with an output of an adder and
transmitting the phase-shifted communication signal
to a first amplifier in the radio unit;

using the first amplifier to amplify the communication
signal and transmitting the amplified communication
signal to a second mixer in the radio unit;

using the second mixer to mix the communication signal
with an output of a radio frequency synthesizer in the
radio unit, wherein the radio frequency synthesizer is
controlled by the reference signal, and transmitting
the mixed communication signal to a second filter;
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using the second filter to filter the communication signal
and transmitting the filtered communication signal to
a second amplifier in the radio unit;

using the second amplifier to amplify the communica-
tion signal and transmitting the amplified communi-
cation signal to a third mixer in the radio unit;

using the third mixer to mix the communication signal
with an output of the radio frequency synthesizer and
transmitting the mixed communication signal to a
third filter;

using the third filter to filter the communication signal
and transmitting the filtered communication signal to
a phase detector in the radio unit;

using the phase detector to detect a phase difference
between the communication signal and the reference
signal and transmitting the phase difference to the
adder, wherein the adder transmits the phase differ-
ence to the phase shifter to cause the phase difference
to the communication signal; and

using a duplexer in the radio unit to transmit the com-
munication signal to the antenna.

2. The method of claim 1, wherein the reference signal is
generated by a reference oscillator located within one of the
first radio unit and the second radio unit.

3. The method of claim 1, wherein the reference signal is
synchronized with a GPS signal, wherein the GPS signal is
generated by a GPS satellite located remotely from the first
radio unit and the second radio unit and received by a GPS
receiver within each of the first radio unit and the second radio
unit.

4. The method of claim 1, wherein the power of the output
signal from both the first radio unit and the second unit and
transmitted through the antenna increases by 6 dB compared
with the power of an output signal from only one of the first
radio unit and the second radio unit.

5. The method of claim 1, wherein the all outdoor radios
system is free of traffic interruption in case of a transmission
failure at one of the first radio unit and the second radio unit.

6. An all outdoor radios system, comprising:

an antenna coupling unit;

a first radio unit and a second radio unit, wherein both the

first radio unit and the second radio unit are communi-

catively coupled to the antenna coupling unit and each of

the first radio unit and the second radio unit is configured

to receive an input signal from a common communica-

tion source and provide an output signal to the antenna
coupling unit; and

a common reference source configured to generate a refer-
ence signal having a reference frequency and a reference
phase,

wherein each of the first radio unit and the second radio unit
further comprises:

a frequency synchronizer configured to synchronize the
frequency of the input signal of the radio unit with the
reference frequency of the reference signal; and

a phase synchronizer configured to synchronize the
phase of the input signal of the radio unit with the
reference phase of the reference signal,
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such that the output signal of the first radio unit and the
output signal of the second radio unit have substantially
the same frequency and substantially the same phase
when they reach the antenna coupling unit,

wherein each of the first radio unit and the second radio unit
further comprises:

a protection interface and a digital interface for receiving
the input signal;

a modem for modulating an output from one of the protec-
tion interface and the digital interface and the reference
signal;

a first mixer for mixing an output of the modem and an
output of an intermediate frequency synthesizer,
wherein the intermediate frequency synthesizer is con-
trolled by the reference signal;

a first filter for filtering an output of the first mixer;

aphase shifter for phase-shifting an output of the first filter
in accordance with an output of an adder;

a first amplifier for amplifying an output of the phase
shifter;

a second mixer for mixing an output of the first amplifier
and an output of a radio frequency synthesizer, wherein
the radio frequency synthesizer is controlled by the ref-
erence signal;

a second filter for filtering an output of the second mixer;

a second amplifier for amplifying an output of the second
filter;

a third mixer for mixing an output of the second amplifier
and the output of the radio frequency synthesizer;

a third filter for filtering an output of the third mixer;

a phase detector for detecting a phase difference between
an output of the third filter and the reference signal and
transmitting the phase difference to the adder, wherein
the adder is configured to cause a corresponding phase
shiftto the phase shifter under the control of a controller;
and

a duplexer for receiving the output of the second amplifier
and transmitting the output of the second amplifier to the
antenna coupling unit.

7. The all outdoor radios system of claim 6, wherein the
reference signal is generated by a reference oscillator located
within one of the first radio unit and the second radio unit.

8. The all outdoor radios system of claim 7, wherein the
reference signal is synchronized with a GPS signal, wherein
the GPS signal is generated by a GPS satellite located
remotely from the first radio unit and the second radio unit
and received by a GPS receiver within each of the first radio
unit and the second radio unit.

9. The all outdoor radios system of claim 6, wherein the
power of the output signal from both the first radio unit and
the second unit and transmitted through the antenna increases
by 6 dB compared with the power of an output signal from
only one of the first radio unit and the second radio unit.

10. The all outdoor radios system of claim 6, wherein the
all outdoor radios system is free of traffic interruption in case
of a transmission failure at one of the first radio unit and the
second radio unit.



